P atent foramen ovale (PFO) is a common finding in the healthy population, with a prevalence of 27% in one necropsy study of 965 normal hearts from patients with no history of cardioembolic events. 1 It is also the most common cardiac finding in young patients (, 55 years of age) with an unexplained cerebrovascular event, presumably caused by paradoxical emboli. 2 The presumed mechanism is the migration of a thrombus (or less commonly air or fat) from the venous system to the left atrium via a PFO, with subsequent systemic embolisation. Determining whether paradoxical embolism has occurred through a PFO ideally requires the presence of the PFO ''triad'', which combines raised right atrial pressure, venous source of thrombosis, and the presence of PFO. The larger size of a PFO and greater number of microbubbles passing through a shunt during echocardiography has also been associated with an increased incidence of cerebrovascular events 3 4 WHEN TO DIAGNOSE A PFO Although PFO is becoming increasingly recognised as a cause for cryptogenic cerebrovascular events, there are other situations in which documenting a right to left shunt is important. The presence of a large PFO has been associated with severe unexplained decompression sickness caused by paradoxical gas embolism. 5 Torti and colleagues showed in 250 scuba divers that the presence of a PFO was related to a low absolute risk of suffering five major decompression illness (DCI) events per 10 000 dives, the odds of which were five times as high as in divers without PFO. 6 In addition they showed that the risk of suffering a major DCI parallels PFO size. Pulmonary arteriovenous malformations are frequently a manifestation of hereditary haemorrhagic telangiectasia. 7 The presence of PFO has also been associated with persistent hypoxaemia in patients with elevated right heart pressures of various causes. 8 
HOW TO DIAGNOSE A PFO
Transoesophageal echocardiography (TOE) is superior to transthoracic echocardiography (TTE) for the diagnosis of a PFO and delineation of its morphologic details (figs 1 and 2). Hence, TOE is regarded as the imaging procedure of choice in adult patients with suspected paradoxical embolism. [9] [10] [11] For the detection of right-to-left shunting across a PFO, agitated saline contrast medium is typically injected into a peripheral vein during the strain phase of the Valsalva manoeuvre and the atrial septum is imaged during the release phase of this manoeuvre. The best angle for visualisation is around 90c orresponding to a more vertical plane. This is most likely due to the PFO orientation, which has a higher probability to affect the more cranial portion of the fossa ovalis where the lack of fusion of the septum primum and the septum secundum is expected 11 (fig 3) . Although TOE is considered to be the ''gold standard'' technique for the diagnosis of right-to-left shunts, the use of sedation makes the performance of the Valsalva manoeuvre more difficult. Kuhl and colleagues 12 looked at 111 patients with a cerebral event using a polygelatin contrast agent rather than agitated saline. In this selected group of patients the TTE was performed immediately following the TOE and hence the patient was still sedated, which may have limited their ability to perform a satisfactory Valsalva manoeuvre. Despite this they showed similar positive TTE and TOE for PFOs. Camp and colleagues 13 studied 109 consecutive patients and detected 24 patients (22%) with a shunt by both TTE and TOE. Again in this study the TOE was Abbreviations: DCI, decompression illness; PFO, patent foramen ovale, TOE, transoesophageal echocardiography; TTE, transthoracic echocardiography performed first which potentially could result in an unsatisfactory Valsalva manoeuvre. Ha and colleagues 14 in their study of 136 consecutive stroke patients detected 40 patients with PFO. They found the sensitivity and specificity of TTE with harmonic imaging to be 62.5% and 100%, respectively, when compared to TOE as the ''gold standard'', with no TTE positive/TOE negative patients. More recently Clarke and colleagues 15 have shown in a group of 110 patients that TTE with Valsalva manoeuvre was as good as TOE in diagnosing shunts, concluding that Valsalva manoeuvre increases the size of the shunt. 15 There is also a need for standardisation of PFO identification and quantification, which at present does not exist. In the French PFO-ASA study, a PFO was defined to be present if at least three contrast bubbles appeared in the left atrium. The degree of shunting was defined to be small if 3-9 contrast bubbles appeared, it was moderate if 10-30 contrast bubbles appeared, and large if more than 30 contrast bubbles appeared in the left atrium. 16 In this study sonographers disagreed on the presence of PFO in 13.9% of patients and on the degree of shunting in 26.6%. 17 In the patent foramen ovale in cryptogenic stroke study (PICSS) a PFO was considered to be present if . 1 contrast bubble appeared in the left atrium, and the authors used a cut off point for a large shunt if more than 10 bubbles could be demonstrated in the left atrium. 18 Very recently it was nicely shown that for a given PFO, the amount of right-to-left contrast shunting is a matter of expiratory pressure during the Valsalva manoeuvre. 19 Previously, it was shown that in any PFO rightto-left shunting varies considerably and that the magnitude of contrast shunting does not necessarily correlate with the true anatomical size of the PFO. [20] [21] [22] Because of the orientation of the inferior vena cava blood (which potentially contains an embolus arising from pelvic or deep vein thrombi) to the fossa ovalis, even a large PFO may be missed if contrast agent is administered through a cubital vein, as these bubbles may be redirected from the fossa ovalis by this blood flow. 20 23 These flow patterns are aggravated by a Eustachian valve which directs the blood from the inferior vena cava preferentially to the area of the fossa ovalis and can be studied by contrast administration into the foot vein. 21 23 24 As a note, the Eustachian valve is frequently seen in patients with PFO. 24 25 Moreover, there are reports showing that transthoracic contrast echocardiography with harmonic imaging mode may be too sensitive at the expense of a decreased specificity for PFO detection. 26 Furthermore, the time to appearance of contrast bubbles in the left atrium, which is used as one of the distinguishing features between intracardiac and (physiological) intrapulmonary shunts, has shown to be unreliable. [27] [28] [29] [30] Transcranial Doppler is an alternative method for detecting a PFO and is considered by some to be superior to the use of two dimensional echocardiographic imaging of the atrial septum after intravenous injection of saline contrast medium. 31 
CONCLUSION
PFO became an important clinical condition to rule out in certain settings, particularly in young patients with cryptogenic stroke, although not confined only to this condition. The use of echocardiography, particularly of TOE with saline contrast, has been of paramount importance in the diagnosis of PFO. It is, however, important to understand the anatomy and physiology of the interatrial septum and related flow, as well as the potential limitations related with the use of this technique, in order that the likelihood of error is significantly reduced. 
